In our world, nuclear accident is unavoidable. This means that we are under radiation risk all the time. Therefore, you should determine the ionized atoms (absorbed dose) punctually and as fast as possible to deal properly with victims in the triage process. The present study attempts to determine the absorbed dose generated in femur bone that utilized femur phantom (Health Physics Society N13.32) after different energy levels (30 keV to 10 MeV) relying on the numerical simulation of Monte Carlo NParticle (MCNP)-5. The results showed the gradual reduction of Kerma air free values with the increase of energy from 30 to 100 keV, after a dramatic increase was noticed up to 10 MeV. The behaviour of the conversion factor illustrated the inverse relation with increment of energy. The first value was obtained at 30 keV (0.0368 Gy/Gy) and remarkable decrease was observed up to 150 keV (0.0245 Gy/Gy). The conversion factor remains almost constant between 200 and 800 keV and dramatic depression specified the higher energies. Further work suggestion is to estimate the conversion factors with plastic buttons and ribs bone or mediastinum, and between eye glasses with orbital tissue
INTRODUCTION
The absorbed dose is an essential factor that is used to estimate the level of risk and damage that result from exposure to ionizing radiation. Unfortunately, our world is amenable to intended or unintended radiological accident at any time. During this accident, the dose received by victims is an important factor to be determined as soon as possible to obtain fast and effective triage process. Early and precise dose estimation allows a physician to establish and define the most appropriate therapy. Several methods are used for retrospective dose estimation (physically and biologically) to determine the severity of dose absorption. The electron paramagnetic resonance (EPR) or electron spin resonance (ESR) is one of the most successful techniques used in dose *Corresponding author. E-mail: Yasser_ajr@hotmail.com. reconstruction after the radiation accident. The EPR can be observed in any substance containing at least one unpaired electron. Many studies investigate the sensitivity of EPR spectrometer to estimate the absorbed dose. These estimations can be classified into physical material estimation (plastic buttons, wrist watches, mobile phone, eye glasses, cotton and credit card) (Dalgarno and McClymont, 1989; Frantz et al., 2005; Bassinet et al., 2010) and biological materials estimation (bone, tooth, sugar, fingernail and hair) (Marrale et al., 2011; Romanyukha et al., 2007; Ghiani et al., 2008) .
On the other hand, the EPR tends to measure the dose response from the sample, and then it must be converted into absorbed dose. Furthermore, the intended material, designed to be used as a retrospective dosimeter should be prepared in a specific method (sample preparation, grinding and temperature adjustment), and should be adjusted with certain protocol (sample position, magnetic field and signal channel determination) in order to get punctual estimation of absorbed dose. All previous parameters and calibrations are time and cost consuming and they affect strongly the percentage of uncertainty. Therefore, all recent studies recommend the using of EPR spectrometer with other physical dose reconstructions by utilizing numerical means (Monte Carlo code simulations, mathematical calculations and/or voxel anthropomorphic phantoms) to confirm the estimations (Ghiani et al., 2008; Clairand et al., 2008) . Moreover, the numerical estimation of the absorbed dose simplifies the determination of actual absorbed dose from the noise-induced signals (background and mechanical noise). The continuous integration of computer technology empowered the efficiency of simulation to calculate the absorbed dose at any point in the exposed target (Huet et al., 2007; Lemosquet et al., 2004) . The present study aims to estimate the absorbed dose and dose conversion coefficient (DCC) in the range of 30 keV up to 10 MeV for the plastic holder of monitor display in mobile phone. The plastic is considered one of the most available, widespread and close materials to human body, and above all non-invasive to estimate with EPR combination. The simulations are performed by utilizing Monte Carlo N-Particle (MCNP TM ) code version 5 (V5).
MONTE CARLO SIMULATION
Nowadays, majority of physical experiments are jointed with mathematic or numerical calculations by using radiation transport code (Takahashi and Endo,and Yamaguchi 2007) . In radiation protection and dosimetry, the simulation becomes one of the most significant tools that is used to assure the results obtained by experiments; particularly, in the process of absorbed dose determination after the radiation accident. MCNP5 is one of the most powerful simulations that is widely used in medical physics. This code has the advantage of being documented and subjected to regular updates. Initially, MCNP is designed for calculation involving neutrons only. Then, it was subsequently generalized to the transport of photons and electrons in a wide energy range; finally, the positron was included during the coding of MCNP5. Currently, MCNP TM code version 5 (V5) provides continuous-energy, generalized-geometry, time-dependent code and can be used for single, couple or more of neutron/photon/electron transport. One main difference of MCNP from other Monte Carlo codes is that MCNP can be run in several different modes. By default, mode N is used; neutron transport only (X-5 MC Team, 2005) . Figure 1 shows the three main steps that should be followed carefully to get precise simulation; source specification, target and tally determination. Figure 1 illustrates the process of particle tracks and its interaction with the materials, according to probability density distributions attained by particle and material properties.
Source specification
In this simulation, the user specified the SDEF command to specify the material card in the input file. The radiation source was assumed as a monodirectional point source, and the photons were emitted uniformly from a cone direction. The source and the geometrical target of plastic goods were separated with a distance of 100 cm. All simulations were performed inside a sphere with 120 cm diameter, and the space between the spherical surface and the target was considered as dry air (D = 1.205 × 10 -3 g/cm 3 ). The particles were confined to a downward (-z axis) cone whose halfangle is a cosine of the solid angle about the z-axis. The source angles were determined with respect to the vector (VEC) and direction (DIR). The source information entries were determined according to the specified target to ensure that the entire sample was uniformly covered as shown in Figure 2 . Consequently, the most appropriate type is the disk source. The disk source was assumed with a radius of 15 cm with parallel radiation beam.
Target determination
Five plastic holders (mobile monitor display) from different brand were selected to be a retrospective dosimeter, and were used to determine the absorbed dose and dose response after radiation accident. Scanning electron microscope (SEM) technique was used to determine the fractional molecular weight, and consequently to measure the relative elemental composition of the plastic holders. Table 1 demonstrates the chemical compositions of each plastic goods with their densities. Previous studies confirm the efficiency of hydroxyapatite (C10(PO4)6(OH)2) contained in bones (>70%) and teeth (>95%) as a probe for ionizing radiation; particularly, its stability in room temperature. During this study, conversion calculations were measured to estimate the conversion factor between the plastic cover of mobile phone to the femur bone.
To facilitate the process of geometric modeling, researchers used the MCNP Visual Editor Version 19L-Vised22. The elementary compositions and densities of assigned organs were earned from No. 46 report of International Commission on Radiation Units and Measurements (ICRU). The assumed diameters were obtained from International Commission on Radiological Protection (ICRP/MIRD-phantom) and ANSI/HPS N13.32 (1995) with simple modifications, such as the replacement of aluminum with the human bone tissue, and the human soft tissue instead of polymethylmethacrylate (PMMA).
Phantom was defined as two right-circular cylinders. According to the ICRU reports No. 47, 51 and 57 (ICRU, 1992 , 1993 , 1998 , tallies were performed at a depth of 0.07 mm within the extremity phantom described in HPS (Health Physics Society) N13.32, For weakly penetrating radiation, the ambient and directional dose equivalents in the skin at d = 0.07 mm, H*(0.07) and H¢(0.07,W), are relevant, and in the eye lens at d = 3 mm, H*(3) and H¢(3,W), are relevant.
Tally determination
The process of tally specification means what type of data the user needed to obtain the simulation. In the present study, researchers determined the absorbed dose of different plastic goods by *F8 and the Kerma free air was determined by applying *F4. The absorbed dose can be measured by *F4, *F6 and *F8, but the closet tally for physical detectors is *F8 (record the deposited energy from incident particle and its secondary particles). During theses simulations, researchers used the non-analogous code with source biasing by starting the particles in preferred directions, generally toward specified target (Tally regions). Several termination steps were used to minimize the relative errors and variance of variance (less than 2%); the number of histories (NPS) for each simulation exceeded the 5 ×10 7 (to achieve high accuracy and statistical error around less than 2% for each simulation); the geometries were simplified; finally, we utilized the CUT-OFF to kill the photon with energy below 1 keV (Briesmeister, 1997) .
Absorbed dose estimation
The absorbed dose was determined by numerical simulation and the energy value was retrieved from *F8 tally converted to joule unit and normalized to the target's mass to get the absorbed dose per particle at each simulation.
(1)
The value revealed by the simulation is normalized by the number of particle.
Kerma free air
Based on report No. 47 of ICRU (ICRU, 1998), the Kerma free-in-air for monoenergetic photon beams was used to obtain the dose conversion coefficients according to the following formula:
where is the ratio of Kerma free-in-air to photon fluence, is the mass energy transfer coefficient and Einc is the incident energy.
Dose conversion coefficient
The dose conversion ratio is a very important factor that set the difference between organ doses to measurable quantities. Based on this value, we can specify the dose (organ absorbed dose to physical dosimeters absorbed dose) received from different external sources (Trompier et al., 2011) . The purpose of absorbed dose conversion coefficient calculation in this study is to confirm the accuracy of simulation by comparing our results with the results obtained by Vienot and Hertel (2007) (Figure 3) . The conversion coefficients air Kerma was calculated using F6 tall with MCNP-5 by designing a rectangular solid air outside the phantom with equal diameter of 1 cm.
RESULTS AND DISCUSSION
Before starting the simulation, the users checked the validity of the design and input data (cell, surface and data card) with the Vised Window. Furthermore, a series of statistical parameters were also defined; the statistical uncertainty in the Monte Carlo calculation was smaller than 2% (2σ). All simulation processes passed the ten statistical checks. The relative errors and the variance of variance were decreased with increasing number of particles. The slope of a fluctuation chart was more than five. Figure of Merit (FOM) was almost constant in all the running steps. All previous parameters gave good indicators about the precision of our simulations.
The fractions compositions of the five mobile phones (holding cover) were analyzed by using SEM. The results are shown in Table 1 . The mass energy absorption coefficient of each sample was calculated by the sum of taken from the value published by Hubbell and Seltzer (1995) . Table 2 shows the mass energy absorption coefficient measured from 20 keV up to 10 MeV. A remarkable reduction was shown with the increase of energy. Table 3 illustrates the calculated air Kerma conversion coefficients for the femur bone. The current coefficients were compared with those done by Vienot and Hertel (2007) .
Obviously, a great harmonization appeared between the calculated conversion coefficients of the current study and those determined by Vienot and Hertel (2007) . This is another good indicator about the precision of our simulations. The results showed the gradual reduction of Kerma air free values with increasing energy from 30 to 100 keV, after that, a dramatic increase was noticed up to 10 MeV. This behavior is attributed to the predominant of photoelectron cross section at the low energy levels. The same table listed the absorbed dose conversion coefficients (calculated the air absorbed with 100 cm distance between the source and phantom).
The deposited energies (height tally) in a specific part of femur bone (10 cm height and diameter = 6 cm) were as shown in Table 4 . The deposited energies gradually increased with lifting up of energies; however, this increase was slower in level above 1 MeV (Figure 4) . The deposited energies were normalized at each energy level with mass of bone sample and the numbers of particles utilized in each running. The same calculations were repeated with five samples. All plastic dosimeters were designed to be outside the proposed phantom HPS N13.32 (2 cm from the skin surface). The energy deposited in the covering holders were calculated to determine the dose conversion factor as shown in Table 5 . Figure 5 shows the conversion factors obtained between the average absorbed dose of five mobile phones covering holders and the absorbed dose in the femur bone (compact, cortical and cortex tissue). The behavior of the conversion factor illustrates the inverse relation with increment of energy. The first value obtained at 30 keV was 0.068 Gy/Gy, then a remarkable reduction was observed at 150 keV (0.0245 Gy/Gy). The conversion factor remains almost constant between 200 and 800 keV, and dramatic depression was specified at the higher energies.
Conclusion
Based on our review, it is the first study applied to determine the bone absorbed dose based on the conversion factor plastic items. The calculation of absorbed dose in femur bone relies on the dose conversion factor of a plastic used to facilitate the process of dose estimation after the radiation accident. We can summarize our results into two main points. Firstly, the conversion factor was minimized with the increase of energies, and this means that the gap between the bone and plastic holders was increased with the increase of energy. Consequently, the absorbed dose in plastic covers was almost saturated with the low energy levels (30 to 80 keV) synchronizing with high probability of absorbed dose in femur bone at this level. Even though, the simulations in this study displays high precision and agreement with other simulations, the experimental work is highly recommended, particularly for non-invasive techniques. Finally, it is very appropriate to utilize the numerical simulation to estimate the absorbed dose in critical organs (bone) and conjunct with EPR for non-invasive materials located close to the human body (plastic buttons, eyeglass, wristwatches and others). Nevertheless, the success of the current idea, is very important to develop new procedures to estimate the absorbed dose with fast and simple way. Future work suggestion is to estimate the conversion factors with plastic buttons and ribs bone or mediastinum, and between eye glasses with orbital tissue.
